Objectives This study investigated associations between three types of child maltreatment (exposure to intimate partner violence, sexual, and physical abuse) and multimorbidity (chronic physical conditions, pain conditions, and mental disorders) in adults. Methods Multinomial logistic regression was used to analyze weighted data from the 2012 Canadian Community Health Survey (CCHS -MH 2012), a representative population sample (N = 23,846) of respondents ages 18+.
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Introduction
The World Health Organization recognizes multimorbidity as one of the major medical challenges of the twenty-first century (World Health Organization 2008) . Multimorbidity is defined as the co-occurrence of two or more chronic health conditions within the same patient (Richardson et al. 2014) . Understanding the epidemiology of multimorbidity is important, as two or more co-occurring chronic conditions affect clinical diagnosis, treatment strategy, and quality of life (Richardson et al. 2014) . There is significant overlap between physical conditions and mental disorders, with North American prevalence estimates for the co-occurrence of chronic physical conditions and mental disorders ranging from 3% to 17% (Schmitz et al. 2007; Egede 2007) . Multimorbidity, particularly in the context of cooccurring physical and mental health problems, can confer significant impairment, as their co-occurrence leads to increased healthcare resource utilization, greater functional disability, and poorer prognosis (Richardson et al. 2014; Egede 2007) . Investigating multiple chronic conditions can be difficult when attempting to identify general disease clusters, as these tend to evade diagnostic categorization within traditional Bsomatic^and Bmental health^domains; multimorbidity often violates this dichotomy (Tomasdottir et al. 2014; Tomasdottir et al. 2015) . Furthermore, despite shared risk factors, mental disorders and physical conditions continue to be conceptualized and investigated separately (Richardson et al. 2014) . This is problematic, as assessment and treatment of individual conditions continue to dominate healthcare delivery, thereby creating medical Bsilot hinking (Tomasdottir et al. 2014 , Tomasdottir et al. 2015 .
Recognized risk factors for multimorbidity include healthharming behaviours (e.g., smoking, substance abuse, inactivity), socioeconomic deprivation, and older age (i.e., 65+ years) (Bellis et al. 2014; Ording and Henrik Toft Sørensen 2013) . In addition, childhood maltreatment, which includes exposure to various forms of abuse and neglect, has been identified as a key risk indicator for adult morbidity and mortality disparities (Bellis et al. 2014; Brown et al. 2009 ). Childhood history of abuse increases the likelihood of engaging in healthharming behaviours (Bellis et al. 2014; Anda et al. 2006 ) and increases risk for both chronic physical conditions (Afifi et al. 2016; Springer et al. 2007 ) and mental disorders (Springer et al. 2007) . Previous work has shown that childhood adversity not only is associated with increased risk of multimorbidity (Bellis et al. 2014; Gonzalez et al. 2012 ), but may also display a dose-response relationship, such that there is a rise in prevalence of both individual conditions as well as multimorbid diseases with increasing levels of childhood adversity (Tomasdottir et al. 2015) . However, relatively few studies have examined associations between child maltreatment and adult multimorbidity using nationally representative data across the lifespan (Bellis et al. 2014) . To the best of our knowledge, no prior work has delineated between subtypes of maltreatment, with the inclusion of childhood exposure to intimate partner violence as a distinct category, in their examination of childhood experiences and adult multimorbidity.
To address these gaps, this study examines associations between multiple subtypes of child maltreatment, with the novel inclusion of childhood exposure to intimate partner violence, and adult multimorbidity using data from the 2012 Canadian Community Health Survey -Mental Health (CCHS -MH 2012) , a representative population sample. Previous investigations utilizing an earlier version and concurrent version of this dataset have shown that experiences of child maltreatment are associated with increased risk for heart disease (FullerThomson et al. 2010 ), chronic physical conditions (i.e., diabetes, respiratory disease, etc.) (Afifi et al. 2016) , and mental health disorders (i.e., depression, bipolar disorder, etc.) (Afifi et al. 2014) . In line with recent recommendations to measure multimorbidity across a range of health domains (Richardson et al. 2014; Barnett et al. 2012) , the current project adopts a comprehensive approach. We separate chronic medical conditions into three broad categories for analyses: mental disorders (e.g., depression, anxiety disorders), pain conditions (e.g., arthritis, back problems, migraines), and other physical conditions (e.g., cardiovascular disease, diabetes, respiratory disease). These distinctions were made as the prevalence of certain health conditions is expected to vary based on age of the sample, and prior research has shown that pain conditions are more strongly associated with mental disorders like depression and anxiety (Scott et al. 2007 ). The main objective of the current study was to examine the impact of multiple forms of maltreatment on multimorbidity across a range of health domains in a Canadian national sample. Additional analyses explore the influence of covariates such as age, sex, health-harming behaviours, and sociodemographic variables on these relationships. This study is an important extension, as retrospective examination of childhood experiences on adult health outcomes can provide a rapid and informative approach to identify the impact of child maltreatment on public health and healthcare systems.
Methods

Sample
Data come from the 2012 Canadian Community Health Survey -Mental Health (CCHS -MH 2012) , in which a multi-stage stratified cluster sampling design was employed to obtain a representative sample of respondents aged 15+ from the 10 Canadian provinces (Statistics Canada 2013) . Respondents completed the survey on a voluntary basis. The national household rate (79.8%) and individual-level response rate (68.9%) yielded a sample of 25,113 individuals. The sampling frame excluded people living on reserves and other Indigenous communities, full-time members of the Canadian Forces, and institutionalized populations (altogether < 3% of the Canadian population). Due to the sensitive nature of child maltreatment questions, they were administered only to respondents aged 18+ (N = 23,846).
Measures
Child maltreatment Respondents were asked about maltreatment experiences prior to the age of 16 that occurred at school, in their neighbourhood, or in the family. Respondents were assessed for childhood exposure to physical abuse and intimate partner violence using items from the Childhood Experiences of Violence Questionnaire (CEVQ) (Walsh et al. 2008) , and exposure to sexual abuse using items based on a previous survey administered by Statistics Canada (Statistics Canada 2013). Responses were dichotomized for each maltreatment subtype (present/absent) following guidelines from the CEVQ (Walsh et al. 2008 ) and using approaches similar to prior CCHS -MH 2012 analyses (Afifi et al. 2014 (Afifi et al. , 2016 . Childhood sexual abuse was classified as present if a respondent indicated experiencing one of the following criteria by an adult on at least one occasion: (1) being forced, or any attempt of being forced, into unwanted sexual activity by threat, physical restraint, or harm; or (2) any unwanted sexual touching against their will. Childhood physical abuse was classified as present if a respondent indicated experiencing at least one of the following criteria by an adult: (1) being slapped on the face or head, spanked, or hit with something hard on three or more occasions; (2) being pushed, grabbed, shoved, or having something thrown at them on three or more occasions; or (3) being kicked, bit, punched, choked, burned, or physically attacked on at least one occasion. Childhood exposure to intimate partner violence was classified as present if a respondent indicated seeing or hearing parents, step-parents, or any guardian hitting each other or another adult in the home on three or more occasions.
Chronic physical and pain conditions Respondents were assessed for 12 different chronic conditions through a group of questions pertaining to long-term health. Respondents were classified as having a chronic condition if they indicated they were diagnosed by a health professional with a chronic condition that had lasted (or was expected to last) at least 6 months. These individual chronic conditions were separated into two broad categories for analysis: physical conditions (i.e., asthma, arthritis, high blood pressure, diabetes, epilepsy, heart disease, cancer, stroke, bowel disease, chronic fatigue syndrome) and pain conditions (i.e., back pain, migraine headaches). . Specific mental disorders assessed included major depressive episode, bipolar (I and II) disorder, generalized anxiety disorder, alcohol abuse/dependence, cannabis abuse/dep e n d e n c e , a n d o t h e r d r u g a b u s e / d e p e n d e n c e . Respondents were classified as having a mental disorder if they met criteria for any 1 or more of these disorders within the last 12 months.
Mental disorders
Derived variable: multimorbid condition clusters There were eight derived clusters: (i) no conditions (reference group), (ii) mental disorder only, (iii) chronic pain condition only, (iv) chronic physical condition only, (v) chronic mental health and pain condition, (vi) chronic mental health and physical condition, (vii) chronic pain and physical condition, and (viii) all three types of conditions.
Sociodemographic covariates and risk factors
Relevant sociodemographic characteristics (i.e., sex, age, country of birth, visible minority status, education, income level, and marital status) and other risk factors (i.e., smoking status, body mass index) for the development of chronic diseases were evaluated.
Data analysis
Using STATA 14, multinomial logistic regressions examined relationships between child maltreatment and multimorbidity, while adjusting for covariates (adjusted odds ratios (AOR)). All analyses completed compared respondents reporting exposure to maltreatment to those who did not report such experiences. Regressions were run based on dichotomized variables for the subtypes of child maltreatment, as well as a model exploring the dose-response relationship between the number of child maltreatment types and multimorbidity. Weights created by Statistics Canada were used in the analysis to adjust for non-response and maintain representativeness with the Canadian population.
Missing data
Data were missing from approximately 3% of the sample. Data were determined to be missing at random and multiple imputations in STATA 14 were used to impute missing values. The Multiple Imputation by Chained Equations command was utilized to impute 10 separate datasets which were then used in regression models to produce estimated values.
Results
Maltreatment and multimorbidity prevalence
Data on the prevalence of child maltreatment in Canada by subtype and sociodemographic variables from the CCHS -MH 2012 (N = 23,846) have been previously published. The prevalence of any childhood maltreatment was 32.1% (n = 7700), with childhood physical abuse being the most common (26.1%, n = 6070), followed by childhood sexual abuse (10.1%, n = 2760), and then by childhood exposure to intimate partner violence (7.9%, n = 1900) (Afifi et al. 2014) . Females were more likely than males to have experienced child sexual abuse (14.4% vs. 5.8%, p < 0.05) and been exposed to intimate partner violence (8.9% vs. 6.9%, p < 0.05), and males were more likely than females to have experienced child physical abuse (31.0% vs. 21.3%, p < 0.05) and any child abuse (34.0% vs. 30.3%, p < 0.05) (Afifi et al. 2014) .
Based on the data analyzed in the current study, in terms of overall health, nearly half of the sample (41.9%, n = 10,207; reference group) reported no conditions. With respect to the derived condition clusters, 4.0% (n = 903) reported a mental disorder, 8.4% (n = 1920) reported a pain condition, 26.7% (n = 6097) reported a physical condition, 1.4% (n = 327) reported a multimorbid mental disorder and pain condition, 2.0% (n = 459) reported a multimorbid mental disorder and physical condition, 13.1% (n = 3031) reported a multimorbid pain and physical condition, and 2.5% (n = 583) reported all three types of multimorbid conditions. There was variation in reports of overall health based on respondents' exposure to child maltreatment, and prevalence estimates of the derived condition clusters in regard to history of child maltreatment outcomes are delineated in Table 1 . Post hoc models examined whether associations between the subtypes of child maltreatment and adult multimorbidity were moderated by sex or age. No significant interactions were found (not shown).
Childhood exposure to physical abuse and multimorbidity
All effects reported herein are adjusted for covariates (e.g., age, sex, and sociodemographic variables). Compared to respondents not reporting exposure to CPA, exposure to CPA was significantly associated with increased odds of all the derived condition clusters, with the exception of physical conditions (Table 2) . Among respondents reporting CPA, the likelihood of developing mental disorders as a singular morbidity or a multimorbid condition with another chronic condition was two to three times higher (AORs from 2.40 to 3.78). Respondents reporting CPA also had odds three times higher of developing multimorbidity of all three types of conditions (AOR = 3.57, 95% CI = 2.75, 4.64). The effects of risk factors and sociodemographic characteristics on multimorbidity were similar across models (Tables 2, 3 , 4, and 5).
Childhood exposure to sexual abuse and multimorbidity
Compared to respondents not reporting to CSA, exposure to CSA was significantly associated with increased onset of all the derived condition clusters, except for physical conditions ( 
Childhood exposure to intimate partner violence and multimorbidity
Similar to the other maltreatment subtypes, exposure CEIPV, compared to respondents not reporting CEIPV, was significantly associated with onset of the same six derived condition clusters (Table 4 ). Respondents reporting CEIPV had a two times greater risk of developing multiple chronic conditions, such as multimorbid mental health and pain/physical conditions (AORs from 2.03 to 2.37). Additionally, respondents reporting CEIPV were three times more likely to develop multimorbidity of all three types of conditions (AOR = 3.70, 95% CI = 2.67, 5.12).
Number of maltreatment subtypes and multimorbidity
There was a general trend of increasing number of child maltreatment subtypes experienced corresponding with greater odds of all the derived condition clusters, with the exception of physical conditions, thus indicating a dose-response relation (Table 5) . For exposure to one subtype of maltreatment, AORs across multimorbid condition clusters ranged from 1.44 to 4.06, for exposure to two subtypes, AORs ranged from 2.41 to 6.66, and for exposure to all three subtypes, AORs ranged from 3.38 to 10.96. Thus, respondents exposed to all three subtypes of maltreatment were approximately 3-11 times more likely to experience various multimorbid conditions than respondents not exposed to child maltreatment.
Discussion
Compared to respondents without childhood maltreatment experiences, exposure to each maltreatment subtype was significantly associated with increased odds for mental disorders, chronic pain conditions, multimorbid mental health and pain/ physical conditions, multimorbid pain and physical conditions, and all three types of conditions. These results are consistent with prior evidence linking history of child maltreatment with increased risk for chronic conditions (Afifi et al. 2016; Springer et al. 2007 ), mental disorders (Springer et al. 2007) , and multimorbidity (Bellis et al. 2014; Gonzalez et al. 2012 ). To our knowledge, this is the first study to examine childhood exposure to intimate partner violence in addition to other forms of child maltreatment in regard to risk for adult multimorbidity. Although this subtype assessed childhood accounts of witnessing intimate partner violence, there were the same patterns of results for this subtype as for the other experiences of child abuse. This study delineated chronic conditions into physical health and pain disorders to provide evidence that these clusters are differentially associated with childhood maltreatment; such that significant associations arose for the subtypes and number of subtypes of maltreatment in terms of risk for pain conditions, but not in terms of risk for physical conditions. The development of chronic diseases involves a complex interplay between genetic factors, early life events, and chronological aging (Belsky et al. 2017) , and not enough is currently known about how child maltreatment experiences may differentially incur risk for different chronic conditions. Future research is needed to investigate possible factors (e.g., pain sensitivity) (Fillingim and Edwards 2018) that may influence the relationships between childhood experiences and adult risk for chronic pain versus physical conditions. Furthermore, our finding that across maltreatment types, the greatest odds for multimorbidity were primarily between mental disorders and another chronic pain and/or physical condition, complements and extends prior international research showing that mental disorders are more prevalent in the general population with increasing numbers of chronic illnesses (Barnett et al. 2012; Moussavi et al. 2007 ). Furthermore, our findings support the previously reported dose-response relationship between childhood trauma and disease prevalence, such that increasing levels of childhood adversity are associated with a rise in singular and multimorbid disease prevalence (Tomasdottir et al. 2015) . In the current sample, when exposure to increasing number of maltreatment subtypes was taken into consideration, there was a doseresponse relation observed for mental health conditions, multimorbid chronic physical/pain and mental health conditions, multimorbid chronic physical and pain conditions, and multimorbidity of all three types of conditions. In accordance with previous studies examining the dose-response All models adjusted for age, sex, and sociodemographic variables AOR adjusted odds ratio, CI confidence interval *p < 0.05 a Reference variable (reference group is indicated in parentheses) Table 4 Odds ratios relating child exposure to intimate partner violence (CEIPV) to derived condition clusters while adjusting for sociodemographic characteristics
Mental health condition
Chronic pain condition All models adjusted for age, sex, and sociodemographic variables AOR adjusted odds ratio, CI confidence interval *p < 0.05 a Reference variable (reference group is indicated in parentheses) Table 5 Odds ratios relating exposure to number of subtypes of maltreatment to derived condition clusters while adjusting for sociodemographic characteristics
Chronic pain condition association between disease prevalence and increasing childhood difficulties, steeper slopes were observed for multimorbid mental health problems and chronic physical/ pain conditions (Tomasdottir et al. 2015; Gonzalez et al. 2012) . With the novel finding in our study, the slope was steepest for multimorbidity of all three types of conditions. Beyond this, our study provides additional evidence that patterns of morbidity transcend the traditional Bsomatic' and Bmental health^domains, thus illustrating a fundamental conflict in the current biomedical definitions of risk, disease, and recovery (Tomasdottir et al. 2014 (Tomasdottir et al. , 2015 . These are important findings, as they suggest that public health approaches targeting child maltreatment and integrated, patient-centered medical systems may allow for the potential reduction of illness and premature death (Tomasdottir et al. 2014; Bousquet et al. 2011) . The concepts of allostatic overload and biological aging may explain the links between chronic stress during childhood and disease development in adulthood (Tomasdottir et al. 2015; Belsky et al. 2015) . Allostasis refers to an organism's physiological ability to maintain internal homeostasis in conditions of stress, and thus allostatic overload occurs when this restorative capacity is overtaxed and this results in increased risk for disease (Tomasdottir et al. 2014 (Tomasdottir et al. , 2015 . Therefore, there may be a distinguishable trajectory from childhood maltreatment to health problems in adulthood. Increasing evidence supports an association between childhood adversity and allostatic overload, suggesting that it serves as a general mechanism through which childhood trauma becomes biologically embedded (Tomasdottir et al. 2015; Shonkoff et al. 2012) . Research has proposed several specific biological mediators through which childhood maltreatment can lead to higher rates of morbidity and mortality in adulthood (Shonkoff et al. 2012) . Studies investigating how early adversity can incur risk for poor adult health have shown that survivors of child maltreatment can present with neuroendocrine stress response desensitization, epigenetic modifications, elevated levels of inflammatory cytokines, and altered pain sensitivity (Fillingim and Edwards 2018; Shonkoff et al. 2012 ). All of these perturbations illustrate how childhood maltreatment can become biologically embodied, and alterations in these systems are linked to increased disease prevalence (Tomasdottir et al. 2015; Shonkoff et al. 2012) . Furthermore, there is substantial heterogeneity in human aging, as adults of the same chronological age can vary in their pace of Bbiological^aging as determined by rates of deterioration across multiple organ systems (Belsky et al. 2015) . The Bhealthspan^includes the years of life lived free of disease and disability (Burch et al. 2014) , and a recent cohort study from New Zealand has shown that accumulation of more personal history risk factors (e.g., lower childhood social class, more adverse childhood experiences) predicts faster paces of biological aging (Belsky et al. 2017) . These findings suggest that anti-aging and geroprotective therapies may help to mitigate the adult health consequences of childhood maltreatment.
Limitations
Certain limitations should be considered when interpreting this study's results. All data come from self-report measures, instead of substantiated court or clinic cases of child maltreatment or medical chart review of chronic health conditions and mental disorders. While prior research on the validity of adult retrospective reports of child maltreatment indicate that recall bias is minimal and false positives are rare (Hardt and Rutter 2004) , only a limited range of subtypes were assessed, with lack of data on exposure to child neglect being a notable limitation. Although previous research has described the complexity and heterogeneity of maltreatment experiences (Bellis et al. 2014; Afifi et al. 2016 ), this study is limited by lack of information collected pertaining to the timing, duration, and perpetrator of maltreatment experiences. Due to the nature of survey data collected and previously established definitions of child maltreatment in regard to the 2012 CCHS -MH (Afifi et al. 2014) , additional analyses regarding frequency or cooccurrence of child maltreatment subtypes were not possible, and future research using population-based datasets is encouraged to examine the impact of these factors on adult health outcomes. Also, no information was collected regarding the age of onset of chronic conditions. Due to the cross-sectional nature of the data, no conclusions can be made regarding causation. Furthermore, given the link between childhood adversity and premature mortality (Brown et al. 2009 ), use of a cross-sectional design also limits possible inferences regarding the long-term health outcomes of child maltreatment. Longitudinal data could help inform the underlying mechanisms in associations between child maltreatment and multimorbidities.
Conclusion
To our knowledge, this is the first study to assess multiple maltreatment subtypes and a comprehensive range of multimorbid conditions using nationally representative data. These findings highlight the importance of considering the range of adversities to which individuals have been exposed in childhood. This may have implications for healthcare providers in determining risk for chronic conditions and multimorbidities among their patients. Although strategies for reducing chronic conditions at the population level have typically focused on health promotion approaches to reduce smoking, substance abuse, and obesity, perhaps there needs to be a greater emphasis on preventing child maltreatment as a key strategy in chronic disease prevention and in particular, adult multimorbidities. It is essential that longitudinal population-level data include comprehensive measures of health as well as adversity, to address this important issue.
